2014).

Utilization of AMATS (aquatic macrophytes treatment systems)
for the phytoremediation of heavy metals and other pollutants is a wellestablished and cost effective environmental protective technique (Mahmood et al., 2005) . Copper can become extremely toxic to plants due to leaf chlorosis, suppressed root growth and inhibit photosynthesis and reproduction of plants, when present in excess amount, even though it is essential micronutrients for plant metabolism. Lead diminishes chlorophyll production and cadmium toxicity also lead to some extremely sever effects on plants (Ashraf et al., 2011; Hammad, 201; Swain et al., 2014) . Heavy metals can create a stressful condition to the plants and its growth becomes limited or impossible and this can influence the phytoremediation. In our study, we tried to enhance the phytoremediation capacity of Eichhornia crassipes to treat heavy metals by applying an electric field. The purpose of this study was to investigate the removal of lead, cadmium and copper in a simulated wastewater by a phytoremediation system coupled with electric field. This technique was also applied to lead contaminated wastewater from battery manufacturing industry and chromium contaminated wastewater from an electroplating industry.
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Materials and Methods
Preparation of synthetic heavy metals solution
The simulated wastewater was made by dissolving Pb (NO3)2, CuSO4.5H2O and (3CdSO4).8H2O in tap water. All chemicals used were of the highest purity available and of analytical grade procured from Merck. The initial heavy metal concentrations of the simulated wastewater were determined by Atomic Absorption Spectrophotometer, AAS (Thermo Series) with GF 95.
Collection of plant and wastewater for this study
A fast-growing perennial aquatic plant and prolific free-floating aquatic weed, Eichhornia crassipes (Water hyacinth) was used for the treatment of heavy metals in this experiment (Plate 4 
.1). Young plants of
Eichhornia crassipes were collected from Kottooli wetland in Kozhikode City. This vascular, fast growing aquatic plant with a fibrous root system and large biomass is commonly noticed in tropical and subtropical regions of the world. It can easily adapt to several aquatic conditions and perform an important role in extracting and accumulating many metals from water.
Hence, it is utilized as an ideal candidate for the phytoremediation of toxic trace elements from variety of water bodies (Weiliao & Chang, 2004) .
Collected Eichhornia crassipes were put in a hydroponic system containing tap water, for acclimatization period, before being exposed to heavy metal contaminants. Heavy metal contaminated wastewater samples were collected from battery manufacturing industry and electroplating industry located in Kozhikode district, Kerala. Initially, aluminum rods (10cm height, 1.9cm breadth and 2.04mm thickness) and sheets (15cm height, 10cm breadth and 0. 2mm thickness) were used as electrodes and both indoor and outdoor experiments were also conducted. Based on the outcome of the initial study, outdoor experiment using aluminum sheets as electrodes were preferred for further study. To remove the oxide and passivation layer from aluminum surface, the electrodes were rubbed with sandpaper and energized by dipping them in 5N HCl for 1 minute. The electrodes in the tanks were positioned vertically. Plants were placed very close to the electrodes. 0.01M KCl was used as supporting electrolyte. Circulation of water was maintained using a submersible pump. The schematic diagram of the experiment is presented in Figure 4 .1 and the experimental setup is depicted in Plate: 4.2 and 4.3. Different voltages like 2V, 3V, 4V and 5V were applied to the system 2h/day for 10 days. Due to the formation of bubbles and heat generation, phytoremediation system operated at a voltage of 5V was stopped after 2 days. Based on the optimum results obtained, 4V was selected as an optimum voltage for further experiment. Experiment was 
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Analytical procedures
20mL of water samples were taken from each tank in every 5 days at around 10:30 A.M. Plant samples were collected at the end of the experiment and rinsed using tap water twice and deionized water thrice.
The Eichhornia crassipes samples were divided into leaves, stems and roots. Plant samples were oven-dried for a period of 48 h at 70 o C. The oven-dried sample was ground to pass through a 100-mesh sieve and homogenized plant tissues were digested with HNO3-HClO4 
Data Analysis
The bioconcentration factor (BCF) and translocation ability (TA) are the ratios used to evaluate the mobility of the heavy metals from the polluted substrate into the roots of the plants and their ability to translocate the metals from roots to the harvestable aerial part. The bioconcentration factor (BCF) was calculated as the ratio of the trace element concentration in the plant tissues to the concentration of the element in the external environment (Zayed et al., 1998) . BCF is given by,
where BCF denote the bioconcentration factor and is Four different voltages 2V, 3V, 4V and 5V were applied for 2h/day for 10 days. The experiment was stopped in which 5V was applied due to the formation of bubbles and heat generation. Maximum removal of Cd, Pb and Cu was observed in phytoremediation system operated at 4V
for 10 days (Figure 4 .2). So 4V was applied for further experiments. The plants used in outdoor experiment had grown better than the plants in indoor experiment due to the presence of sunlight. So, after one week, the indoor experiment was discontinued. Treatment of lead, cadmium and copper from synthetic solution using electrically enhanced phytoremediation system was conducted using Al rod and Al sheet as electrodes and the results were compared. Table 4 .2. In the experiment, where aluminum sheet was used as electrode, the electro assisted phytoremediation system (i.e. treatment) reduced 100% of cadmium within 15 days, while in control A and control B, 48.21 ± 1.8
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Cochin University of Science and Technology removal efficiency compared to the electro assisted phytoremediation system where aluminum rod was used as electrodes. In the case of cadmium, within 10 days, 97.05 ± 0.7 % was reduced in electro assisted phytoremediation experiment where aluminum sheet was used as electrodes while only 87.56 ± 1.66 % reduction was noticed in aluminum rod was used as electrodes. Within 10 days, 95.13 ± 0.6% of lead was removed from water in the experiment where aluminum sheet was used, while Al rod removed only 51.25 ± 1.86 % of lead. 99.94
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Removal of heavy metals and fluoride by nanotechnology, phytoremediation and plant materials 85 ± 0.004 % of copper was reduced by electro assisted phytoremediation experiment where aluminum sheet used as electrodes within 5 days but only a 74.49 ± 1.25 % of reduction in copper was observed in aluminum rod used experiment. In control B also i.e., the system where only electrolysis is taking place, maximum removal of heavy metals was noticed when aluminum sheet was used as the electrode. The results indicate that the treatment of Cd, Pb and Cu using electrically enhanced phytoremediation using aluminum sheet electrodes is more effective than aluminum rod electrode. The treatment system (electrically enhanced phytoremediation using aluminum sheet electrodes) had more favorable conditions to accumulate heavy metals than did control A (phytoremediation system), such as the higher pH, and the presence of aluminum ions, which caused chemical precipitation, physical adsorption and flocculation of metal. So, we had carried our further study using electrically enhanced phytoremediation using aluminum sheet electrodes.
Accumulation of cadmium, lead and copper in Eichhornia crassipes
For the detailed study, heavy metal accumulation in plants The root pressure and leaf transpiration are the two processes mainly controlling the translocation of metals from root to shoot/leaf.
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Some metals are accumulated in roots, probably due to some physiological barriers against metal transport to the aerial parts, while others are easily transported in plants (Lasat, 2000; Lu et al., 2004) . According to Zhu et al. (1999) , translocation of trace elements from roots to shoots could be a limiting factor for the bioconcentration of elements in shoots. The translocation ability (TA) is the ratio between the concentrations of a trace element accumulated in the root tissues by that accumulated in stem/leaf tissues; a larger ratio implies poorer translocation capability (Hammad, 2011) . For all the three metals, low value of TA was found in treatment system, i.e., in electrically stimulated phytoremediation system (Table   4. 3). This result indicates that, Eichhornia crassipes has the ability to translocate more amounts of Pb, Cd and Cu under electrified condition.
Copper reported minimum value for translocation ability (TA (r/s) = 0.85) compared to other metals. This shows that Eichhornia crassipes had translocated more amount of Cu from root to stem under electrified condition. 
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From the experimental results, it can be postulated that 4V
voltage is probably suitable to stimulate the Eichhornia crassipes to synthesize more chlorophyll. The longer the unit was electrified, the more obvious the stimulating effect was. It was in accordance with Knorr's report (Knorr, 2003) . The voltage can stimulate the plants to increase the palisade cells, chloroplast grana and thylakoid lamellas, which enhance the synthesis of chlorophyll. Eichhornia crassipes was stimulated by electric field to grow better so it can assimilate more metal.
Application of electro-phytoremediation for the treatment of lead and chromium from wastewater collected from battery manufacturing industry and electroplating industry
The above mentioned experimental condition was applied to remove lead and chromium from wastewater collected from acid lead battery manufacturing industry and electroplating industry. Both the effluents were acidic in nature. The same plant, Eichhornia crassipes was used for this study because it can have the ability to reduce the concentration of heavy metals in acidic environment with minor sign of toxicity (Rai & Singh, 2016) . Chromium, nickel, iron and zinc are the metals commonly used in electroplating industry. But their level of concentration depends on the type of methods used for plating (Selvakumari et al., 2002) . Cr (VI) is an extremely toxic form of chromium, which is generated throughout the world due to many industrial activities such as chromium plating, chemical manufacturing, and chromite mining etc. causing contamination of the water resources within its vicinity (Saha et al., 2017) . Storage batteries are manufactured
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Removal of heavy metals and fluoride by nanotechnology, phytoremediation and plant materials 95 using lead due to its characteristic properties: corrosion resistance, conductivity and reversibility of the reaction between lead, lead oxide and sulfuric acid (Dermentzis et al., 2012) . The toxic metal such as lead in water has to be detoxified before its discharge to environment as per the norms laid down by environment regulatory authorities. Several researchers attempt to find out a suitable technique of treating heavy metals for a long run. The conventional methods are mainly chemical based and residual chemicals can cause a detrimental influence on environment in the long run. In this study, we report an environmentally friendly method for the removal of toxic heavy metals.
Treatment of lead from battery manufacturing industry wastewater by electro -assisted phytoremediation system
The levels of pollutants in lead acid battery wastewater vary depending upon the process adopted in battery making. The battery manufacturing industrial wastewater collected from Kozhikode was highly acidic probably due to the high concentration of hydrogen ion in the effluent, sourced mainly by sulphuric acid, one of the major raw materials in lead acid battery manufacture (Okareh & Adeolu, 2015) . Initial heavy metal concentration of wastewater is presented in The same experimental conditions were operated continuously for 25 days, during which water samples were taken once in every 5 days. 
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The effluent was highly toxic to plants and it showed visible symptoms of toxicity such as stunted growth, vein chlorosis in younger leaves, yellowing followed by withering of old leaves ultimately death. Cr toxicity symptoms were observed in control A from 15 th day of study but the treatment plant showed toxicity symptoms in a much-delayed stage.
The electrical stimulation helps Eichhornia crassipes to reduce high amount of chromium than control plant.
Summary
The main goal of present study was the assessment of the performance of electrically stimulated phytoremediation in the removal of heavy metal. Treatment of lead, cadmium and copper from synthetic solution using phytoremediation system coupled with electric field was conducted. In that experiment, the Eichhornia crassipes, an efficient phyto-remediator exhibited efficient and fast removal of heavy metals in electro assisted phytoremediation system. Both aluminum rods and sheets were used as electrodes and both indoor and outdoor experiments were also conducted. Based on the results and plants condition, outdoor experiment using aluminum sheets as electrodes were preferred for further study. The results indicate that the treatment of Cd, Pb and Cu using electrically enhanced phytoremediation using aluminum sheet electrodes is more effective than aluminum rod electrode. When the electrical exposure time increases, the pH of the synthetic solution increased in electrolysis system, but a more favorable, moderate increase was shown by the electrically stimulated phytoremediation system. From the results, it can be postulated that 4V voltage is probably suitable to stimulate the The electro-phytoremediation technique was applied to remove lead and chromium from wastewater collected from acid lead battery manufacturing industry and electroplating industry. Both the effluents were acidic in nature. Therefore, aiming the treatment of lead from industrial effluents a pre-treatment should be made to neutralize effluent.
Due to high chemical contents present in the acid battery wastewater, Eichhornia crassipes exhibited some toxicity symptoms at an earlier stage than the plants used in the treatment of electroplating industry wastewater.
The treatment (i.e. electro assisted phytoremediation system) reduced lead 
